We present CO(2-1) observations of 72 galaxies in the nearby, disturbed Antlia galaxy cluster with the Atacama Pathfinder Experiment (APEX) telescope. The galaxies in our sample are selected to span a wide range of stellar masses (10 8 M M 10 10 M ) and star formation rates (0.0005 M yr −1 < SFR < 0.3 M yr −1 ). Reaching a depth of 23 mJy in 50 km s −1 channels, we report a total CO detection rate of 37.5% and a CO detection rate of 86% for sources within 1 dex of the main sequence. We compare our sample with a similar sample of galaxies in the field, finding that, for a fixed stellar mass and SFR, galaxies in the Antlia cluster have comparable molecular gas reservoirs to field galaxies. We find that ∼ 41% (11/27) of our CO detections display non-Gaussian CO(2-1) emission line profiles, and a number of these sources display evidence of quenching in their optical images. We also find that the majority of our sample lie either just below, or far below the main sequence of field galaxies, further hinting at potential ongoing quenching. We conclude that the Antlia cluster represents an intermediate environment between fields and dense clusters, where the gentler intracluster medium (ICM) allows the cluster members to retain their reservoirs of molecular gas, but in which the disturbed ICM is just beginning to influence the member galaxies, resulting in high SFRs and possible ongoing quenching.
INTRODUCTION
As galaxies form and evolve over time, their properties are influenced by the environment in which they reside. In the local Universe, relaxed galaxy clusters are primarily comprised of quiescent, elliptical galaxies, whereas field environments contain many more star-forming, spiral galaxies (Dressler 1980; Balogh et al. 1998; Goto et al. 2003) . Observations (Zabludoff & Franx 1993; Cortese et al. 2006; Fadda et al. 2007 ) and simulations (Acreman et al. 2003; Ceccarelli et al. 2005) suggest that relaxed galaxy clusters constantly accrete small galaxy groups via filaments, and the motion of these infalling Nulsen 1982) . Thermal evaporation can also strip galaxies of their ISM through the transfer of heat from the ionised plasma of the ICM to the colder interstellar gas via thermal conduction by electrons (Cowie & McKee 1977; Sarazin 1986 ).
As outlined above, the processes that quench star formation in relaxed clusters are relatively well understood. However, a significant fraction of galaxy clusters are in a disturbed state. New generation instruments have allowed large samples of galaxy clusters to be uniformly selected through the Sunyaev-Zel'dovich (SZ) effect. Recent independent studies found that, even at lower redshifts (z < 0.8), about 70% of Planck SZ-selected clusters are non-cool core (NCC), disturbed clusters (Andrade-Santos et al. 2017; Rossetti et al. 2017) . This fraction does not seem to evolve with redshift between z = 0 and z ∼ 0.8 (Rossetti et al. 2017) .
One of the main ways in which galaxy clusters grow is through mergers with other clusters. Galaxy cluster mergers are the most energetic events in the Universe, and as such, provide unique laboratories to connect large scale structure formation with processes occurring on (kilo-)parsec scales, such as particle acceleration in the ICM and star formation in member galaxies. As the most recently formed objects in the Universe, cluster mergers provide insight into the latest stage of cosmological structure formation (e.g. Springel et al. 2005) . Disturbed clusters can act as contaminants and outliers for cosmological probes and scaling relations. Thus, understanding mergers is crucial for deriving precise cosmological parameters. Merging clusters have provided some of the most compelling evidence for the existence and nature of dark matter (e.g. Clowe et al. 2006; Dawson et al. 2012) . Galaxy cluster mergers can have a profound impact on the ICM: the merger drives significant turbulence in the ICM Cassano & Brunetti 2005; Vazza et al. 2009; Brunetti & Lazarian 2011 ) and can release a large amount of energy into the ICM in the form of cluster-wide travelling shock waves (Markevitch et al. 2005; Pfrommer et al. 2006; van Weeren et al. 2010; Macario et al. 2011) .
The violent nature of disturbed clusters provides a vastly different environment for their member galaxies compared to relaxed clusters. While disturbed cluster environments are distinct from relaxed cluster environments, little research has been dedicated to understanding the evolution of their member galaxies. A handful of recent studies on the subject suggest that the environmental trends observed in relaxed clusters may be reversed in disturbed clusters. Simulations by Roediger et al. (2014) suggest that travelling shocks induced by cluster mergers can enhance star formation for a few 100 Myr once the shock has interacted with the gas rich cluster members. Stroe et al. (2017) find that, on average, merging clusters have higher densities of Hα emitters than the surrounding fields, particularly for merging clusters displaying evidence of ICM shocks. High fractions of star-forming or very recently quenched disk galaxies, particularly located close to shock fronts, were also found in studies of individual merging clusters, such as: CIZA J2242.8+5301 (Stroe et al. 2014 (Stroe et al. , 2015a , Abell 3921 (Pranger et al. 2013) , Abell 520 (Deshev et al. 2017) , Abell 521 (Ferrari et al. 2003; Umeda et al. 2004) and Abell 2744 (Owers et al. 2012) . Authors attribute these unexpectedly large populations of star forming galaxies to interactions between cluster members and the disturbed environment provided by either cluster-wide shocks from galaxy cluster mergers or accretion of young groups. Mulroy et al. (2017) demonstrated that the variation in average cluster colour decreases for more disturbed galaxy clusters, implying that star formation rates in disturbed clusters may be 'standardised' by system-wide shocks. Cava et al. (2017) studied the morphologies of galaxies residing in both relaxed and disturbed clusters, finding that disturbed clusters are less efficient at converting star-forming spiral galaxies into gas-deficient lenticulars (S0 galaxies).
However, it remains unclear how the enhanced star formation activity in disturbed cluster environments is fuelled. It is therefore necessary to link observations tracing recent star formation to the reservoirs of cold, molecular gas within the member galaxies. Although the molecular gas mass in galaxies is dominated by H 2 , the lowest rovibrational states of molecular hydrogen are forbidden and have high excitation requirements (Carilli & Walter 2013) . As a result, many studies use neutral hydrogen, Hi, as a proxy for the molecular gas (e.g. Magri et al. 1988; Cayatte et al. 1990; Solanes et al. 2001; Chung et al. 2009; Serra et al. 2012) . These studies find that spiral galaxies residing near the center of relaxed clusters are much more deficient in Hi than those residing further from the cluster center. Cayatte et al. (1994) demonstrate that this deficiency is most likely due to stripping of the gas through interactions with the ICM. This trend, however, is not recovered for disturbed cluster environments. Stroe et al. (2015b) find that Hα emission-line galaxies in the 'Sausage' cluster contain comparable amounts of Hi gas to their field counterparts around the cluster. Similarly, Jaffé et al. (2012) find that many of the galaxies surrounding the central region of Abell 2192, a z = 0.19 cluster in the process of forming, preserve their Hi reservoirs. These findings suggest that gas-rich cluster members can retain their gas during cluster mergers, and that interaction between these gas-rich member galaxies and the travelling shock waves from the cluster merger can trigger star formation.
While observations of Hi gas can provide useful insights into gas reservoirs, carbon monoxide (CO) rotational transitions are superior tracers of the cold, molecular gas which more directly fuels star formation (e.g. Leroy et al. 2008; Cybulski et al. 2016) as CO is abundant, has low excitation requirements and its lower rotational transitions are easily observable from the ground (Carilli & Walter 2013) . A great deal of research probes molecular gas reservoirs via the CO rotational transitions. Much of the current literature, however, focuses on detecting CO rotational transitions in either low-z, relaxed clusters (Kenney & Young 1986; Casoli et al. 1991; Boselli et al. 2002; Wilson et al. 2009; Corbelli et al. 2012; Koyama et al. 2017; Zabel et al. 2019) , Ultra-Luminous Infrared Galaxies (ULIRGS) and submillimetre galaxies (see review by Carilli & Walter 2013) , or in the central regions of cooling flow clusters (e.g. Edge 2001; Edge & Frayer 2003; Salomé & Combes 2004; Salomé et al. 2006) . A handful of other studies detect CO rotational transitions in intermediate-z (Geach et al. 2009; Jablonka et al. 2013 ) and high-z (Hayashi et al. 2018) clusters, or in field environments (Wong & Blitz 2002; Combes et al. 2007; Dannerbauer et al. 2009; Bigiel et al. 2011; Tacconi et al. 2013; Cicone et al. 2017) . As a result, the molecular gas properties of star-forming galaxies residing in disturbed cluster environments remain unknown.
The Antlia cluster (Abell S636, RA=10 h 30 m 03 s , DEC=−35 • 19 24 ) is perfectly suited to provide a statistical sample of molecular gas measurements in disturbed cluster spirals. It is the most nearby disturbed galaxy cluster, residing around 40 Mpc away (z ∼ 0.009), making CO rotational lines easily accessible. The cluster is relatively massive, with an estimated virial mass of around 5 × 10 14 M (e.g. Hopp & Materne 1985; Hess et al. 2015) . Antlia contains ∼ 375 galaxy members, with a galaxy density around 1.7 times higher than Virgo and 1.4 times higher than Fornax (Ferguson & Sandage 1990) . At its centre, the Antlia cluster hosts two main concentrations of galaxies surrounding the massive ellipticals NGC 3268 and NGC 3258, but contains at least five subclusters in total (Hopp & Materne 1985) . The elongated galaxy and X-ray distribution of the Antlia cluster is indicative of a cluster in an intermediate merger state (e.g. Nakazawa et al. 2000) . A number of previous studies have targeted the Antlia cluster members, primarily focussing on either the population of Early-Type Galaxies (ETGs) (Smith Castelli et al. 2008; Calderón et al. 2015) , dwarf galaxies (Caso et al. 2013 (Caso et al. , 2014 Vaduvescu et al. 2014) or the two central massive ellipticals and their surrounding systems (Dirsch et al. 2003; Bassino et al. 2008) . In their study of the Hi content of the cluster members, Hess et al. (2015) detect 37 cluster members, out to a projected radius of 0.9 Mpc. The velocity distribution of the Hi detections can be described as multi-modal, and is systematically redshifted from the optical velocity distribution by 700 km s −1 . At large radii, the Hi rich galaxies are distributed asymmetrically, which the authors attribute to accretion along filaments.
In this study, observations of the CO J = 2 − 1 rotational transition (hereafter known as the CO(2-1) transition) from the Atacama Pathfinder Experiment (APEX) telescope are used to trace the cold, molecular gas in the star-forming members of the Antlia cluster, in order to determine the effect of disturbed environments on the molecular gas content of star forming galaxies.
This paper is structured as follows: In Section 2 we discuss the available multi-wavelength data for the Antlia cluster. In Section 3 we outline the selection criteria for our sample and in Section 4 we present the observing strategy and the methods used for data reduction. In Section 5 we discuss our data analysis and we present our molecular gas measurements in Section 6. In Section 7 we provide a discussion of our results, by placing the detections in the context of the host galaxy properties and the larger scale cluster environment, and in Section 8 we summarise our main conclusions.
We assume a standard ΛCDM cosmology with H 0 = 67.3 km s −1 Mpc −1 , Ω Λ = 0.685 and Ω M = 0.315 (Planck Collaboration et al. 2014) . At the average redshift of the Antlia cluster, z ≈ 0.009, 1 corresponds to 0.192 kpc.
ANCILLARY DATA
As discussed above, the Antlia cluster benefits from a wealth of multiwavelength data, including optical spectroscopy, multi-band mid-infrared observations and blind Hi observations.
Optical imaging
We use visual evaluation of the available optical imaging from both ground and space observations to perform the morphological classification of the cluster galaxies. The deepest multi-band optical data to cover the entire Antlia cluster region is the Digitized Sky Survey 1 . The cluster galaxies are well detected in the three filters (blue, red and infrared), which we use to make RGB im- 10 20 Figure 1 . The distribution of our optically-selected Antlia cluster members in the M -SFR plane. We separate between APEX CO(2-1) detections and non-detections. Leveraging the extensive spectroscopy available for Antlia, we selected cluster members down to a SFR of 0.0005 M /yr and a stellar mass of 10 8 M . We overplot the local main sequence (MS) from (Renzini & Peng 2015) . For comparison, we show the ALLSMOG sample of field star-forming galaxies at a similar redshift (Cicone et al. 2017) . Note that while ALLSMOG specifically targeted galaxies on the MS, our selection was broader and includes galaxies below the MS.
ages of the cluster with the help of the Aladin software 2 (Bonnarel et al. 2000; Boch & Fernique 2014) . We use the ESO Archive Science Portal 3 to explore the optical data available for the cluster. We gather VIMOS r-band images (obtained as part of ESO programmes 079.B-0480(A), PI Richtler and 093.B-0148(A), PI D Rijcke) for 33 of the sources studied in this paper. Four sources also have Hubble Space Telescope observations (programmes 14920, PI Boizelle; 7919, PI Sparks; 9427; PI Harris), downloaded through the Mikulski Archive for Space Telescopes 4 .
Velocities
We use the NASA/IPAC Extragalactic Database 5 to collect redshifts for sources located within a radius of 1.5 deg from the position of the Antlia core. In line with Hess et al. (2015) , we consider a source to belong to the cluster if its velocity lies in the 1200−4200 km s −1 range, or z = 0.004 − 0.014. Given the velocity dispersion σ ∼ 525 km s −1 of the cluster measured from optical galaxies, the selection corresponds to about 3 × σ on either side of the distribution peak. Smith Castelli et al. (2008) discuss the justification for this value, concluding that a more relaxed membership criteria is preferred due to the substructure of the Antlia cluster and its likely disturbed and complex dynamics.
Mid-infrared data, stellar masses and star formation rates
We use estimations of stellar mass and star-formation rate (SFR) for the galaxies in the Antlia cluster, as derived by Hess et al. (2015) using mid-infrared data from the Widefield Infrared Survey Explorer (WISE). Hess et al. (2015) build their catalogue by first using the most sensitive band -W1 (3.4 µm) -for detection of extended sources, and then measuring their magnitudes in WISE bands W2, W3 and W4 (respectively 4.6, 12, and 22 µm) for these sources down to a signal to noise S/N > 3. 6
As discussed in Hess et al. (2015) , the 3.4 − 4.6 µm colour (W1-W2) can be used to estimate the stellar mass in nearby galaxies. The 12 µm (W3) band is a simple estimator of star formation (SF), which correlates with well-studied, reliable SFR estimators, such as Hα emission. The 12µm is particularly reliable for high SFRs (∼ 10 M yr −1 , see e.g. Donoso et al. 2012) , with an increasingly larger scatter with respect to Hα for smaller SFRs.
2.4. Hi data and neutral gas masses Hess et al. (2015) observed the Antlia cluster with the seven dish Karoo Array Telescope (KAT-7), in a radio mosaic covering a total area of about 4.4 deg 2 at a resolution of ∼ 3.2 arcmin. Hess et al. (2015) obtain 37 Hi detections associated with the cluster. The authors note that 33 of these sources have an optical counterpart within a 2 arcmin radius, while only 18 sources have a galaxy host located within 0.5 arcmin. Given the resolution of the Hi and the signal-to-noise threshold S/N > 3 imposed by Hess et al. (2015) , we can estimate the positional uncertainty to be about 1.1 . This could be driven by the large positional uncertainty caused by the poor resolution of the Hi data, or could indicate real Hi offsets, caused by ram pressure stripping.
THE SAMPLE SELECTION
Leveraging the excellent multiwavelength data available (discussed in Section 2), we pursued two complementary avenues for studying the cold molecular gas reservoirs of Antlia cluster galaxies.
The first selection is focused on obtaining a uniform sampling of galaxies down to a limiting stellar mass and SFR, with a range of morphological types. We supplement this selection with a sample focused on galaxies with large reservoirs of neutral gas, down to a limiting Hi mass of 10 8.2 M . However, given the large positional uncertainty of the Hi observations, we believe that no conclusions can be drawn from observations of the Hi selected sample. For completeness we present the Hi selection and the results in Appendix B, however we do not further discuss it in the main body of the text.
Since our goal is to understand how SF is fuelled in cluster galaxies, our first aim is to obtain a uniform sampling of galaxies covering a large fraction of the stellarmass-SFR plane. This enables us to correlate major physical parameters tracing the current growth rate (i.e. SFR) and integrated evolution over cosmic time (i.e. stellar mass) of a galaxy with its reservoirs fuelling future SF (through molecular gas). The selection criteria for the sample henceforth referred to as the stellar-mass selected sample are: We overlay the sources that were followed up as part of our optical selection. The fraction of selected sources slightly rises towards the outskirts of the cluster because of the increasing fraction of star-forming galaxies. The rate of detection is flat with redshift.
• detected in the W1 band WISE data as an extended source
• projected radius from the cluster core r < 1.5 • (equivalent to ∼ 1 Mpc)
• velocity within the 1200 − 4200 km s −1 range
• stellar mass M > 10 8 M • SFR measured from the 12 µm emission SF R > 0.0005 M yr −1
This selection results in a sample of 72 galaxies, which effectively cover main-sequence star forming galaxies down to relatively quiescent, as well as possibly irregular, galaxies. There are a further 12 galaxies that are detected in WISE and have redshifts, but which do not make our selection either because of their slightly smaller stellar mass or their minimal SFR. There are about 150 more sources with spectroscopy, which do not have WISE counterparts at all. There are most likely faint sources with low masses below our selection limit.
The stellar masses of the galaxies selected for followup range between ∼ 2 × 10 8 M and ∼ 1.75 × 10 10 M , probing ranges similar to state-of-the-art field surveys at a similar redshift (e.g. Cicone et al. 2017) . The SFR ranges between 0.0005 and 1.3 M yr −1 , with an average at 0.3 M yr −1 . This includes galaxies on the main-sequence for field galaxies at this redshift, as well as galaxies located below it (e.g. Cicone et al. 2017) . The distribution of galaxies in the stellar mass-SFR plane can be found in Figure 1 . In terms of redshift, the selection is relatively flat with respect to the total number of galaxies, slightly rising at large velocities, where the fraction of star-forming galaxies increases (see Figure 2 ).
DATA ACQUISITION AND REDUCTION

Observations and Data
We observed the 72 optically selected sources as presented in Section 3 with the PI230 instrument at the Nasmyth-B focus of the the Atacama Pathfinder EXperiment (APEX) telescope 7 . PI230 is a dual polarisation receiver, covering the 200 − 270 GHz frequency range at ∼ 30 resolution with an intrinsic spectral resolution of 0.0796 km s −1 . As a result, PI230 provides exquisite sensitivity: compared to the old SHFI-1 on APEX, a factor of > 2 better depth can be obtained in the same observing time. For the most extended sources, we cover at least 85 per cent of the flux given the beam of APEX, while the smaller sources are fully covered.
Our PI230 observations were designed to obtain detections for sources with stellar masses larger than ∼ 10 9.0 M and significant upper limits for sources with smaller stellar masses.
We based our observational plan on the APEX Lowredshift Legacy Survey for Molecular Gas (ALLSMOG, Cicone et al. 2017) , since it was performed on a similar samples of galaxies at z ∼ 0.01−0.02, but selected in the field. Using the ALLSMOG results, we expected, given the stellar masses of our targets, that they will have CO(2-1) luminosities of ∼ 10 7.5 K km s −1 pc −2 . Assuming an average velocity width of the gas distribution of ∼ 150 km s −1 and a top-hat flux density distribution, we target a signal-to-noise of S/N > 5 in 10 km s −1 wide channels, equivalent to an RMS noise of ∼ 1.3 mK per channel. Each science observation was preceded by calibration scans to focus the telescope and correct the pointing. For the science observations, we employed a 'wobbler switching' observing technique, where the wobbler position is swapped between the science target and a sky position, with an amplitude of 60 . This enables an accurate sky subtraction, thus obtaining stable baselines. For the science targets, the telescope position was chosen according to the optical coordinates of the stellar mass-SFR selected sources. The tuning frequency was set to the expected CO(2-1) frequency for each source, as calculated from the optical redshift. Including overheads and calibration, the programme was completed in 48 h, spread across different days from 2018 Apr 23 to 2018 Jun 26. A total of about 33.5 h were spent on science exposures of the 72 targets. The precipitable water vapour (PWV) varied between 0.5 and 4 mm, with a distribution as shown in Figure 3 .
Data Reduction
We reduced the data from the APEX telescope using the GILDAS software package CLASS 8 . For each source, the PI230 instrument produced a set of 4 GHz-wide subscans covering four different spectral ranges . We first separated the subscans into their corresponding sources. For the subscans containing the expected position of the CO(2-1) emission line, we flagged the edges of the subscan and masked the region v ∈ (−500, 500) km s −1 (i.e. 500 km s −1 either side of the expected central velocity of the CO(2-1) emission line). We then performed a baseline subtraction on each subscan. We tested fitting zero, first and second order polynomial functions, finding that a linear baseline subtraction was the most appropriate for our data. Note that each subscan has a total velocity width of ∼ 5000 km s −1 and, even after masking the region with expected CO(2-1) signal, there are plenty of channels covering a wide velocity range to ensure a reliable baseline subtraction.
Apart from the subscan of interest which contains the expected CO(2-1) signal, the other 3 subscans are not expected to cover any strong lines 9 . For these subscans covering different spectral ranges, we simply flagged the edges and performed the linear baseline subtraction. We then averaged all subscans covering the same spectral range to create four high signal-to-noise, maximum resolution spectra covering each of the four spectral ranges produced by the PI230 instrument. These averaged spectra were checked by eye before being stitched together to produce the final 'signal' (221.825 − 229.625 GHz) and 'image' (237.625 − 245.425 GHz) spectra.
In order to create useful 1D spectra, the antenna temperature (corrected for atmospheric loss), T A , was converted into a flux density using the antenna gain factor S ν /T A = 42 Jy K −1 10 .
We aim to compare our cluster results with studies of galaxies in the field. As discussed earlier, one excellent comparison sample is the ALLSMOG survey, which measures the CO(2-1) content in typical, main-sequence galaxies at a similar redshift to Antlia (0.01 < z < 0.03, Cicone et al. 2017) . The similarities between our sample and ALLSMOG remove a number of potential variables from the comparison (such a redshift evolution, CO ladder evolution/conversions), rendering environment as the main driver for potential differences in the samples.
See http://www.apex-telescope.org/telescope/efficiency/ index.php?yearBy=2018
Another potential comparison sample comes from the COLDGASS and xCOLDGASS surveys (Saintonge et al. 2011a (Saintonge et al. , 2017 . These samples cover massive starforming and passive galaxies with M > 10 10 M at 0.025 < z < 0.05 with CO(1-0) observations with the 30-m IRAM telescope. Therefore, COLDGASS sample has a number of key differences to ours: resolution effects, covering different parts of the galaxies, redshift, CO transition, inclusion of AGN. Cicone et al. (2017) compared the ALLSMOG survey to the COLDGASS and found that, given the large intrinsic scatter for star-forming galaxies, many of the trends observed by COLDGASS at higher masses are fully recovered by ALLSMOG. To minimise the number of unknowns and free parameters (e.g. small potential redshift evolution, uncertainty in CO conversion between CO(2-1) and CO(1-0)) and for ease of visualisation, we choose to show in our plots the ALLSMOG data points only. Relationships we plot between SFR, stellar mass and CO luminosity are derived by Cicone et al. (2017) by using the ALLSMOG and COLDGASS data together.
We smoothed our spectra to a velocity resolution of 50 km s −1 in order to aid comparison between the RMS noise of our observations and those of ALLSMOG (Cicone et al. 2017). Our target RMS noise of 23 mJy is comparable to that obtained in the APEX data from Cicone et al. (2017) (∼ 26 mJy). We show in Figure 4 the RMS noise of our spectra as a function of stellar mass, including the survey RMS goal. We further produced spectra smoothed to different velocity resolutions in order to test whether the fits to the data were significantly affected by different resolutions. This is discussed further in Section 5.3.
The APEX CO(2-1) spectra next to optical images of the host galaxies can be found in Appendix 13.
DATA ANALYSIS
Fitting Line Profiles
The first step in probing the molecular gas reservoirs of cluster members is determining their CO(2-1) line luminosity. For each source in our sample, we fitted both a Gaussian and a Lorentzian profile to their CO(2-1) emission line, using both CLASS and LMFIT (Newville et al. 2014) . For any sources that, on inspection, had CO(2-1) profiles that clearly deviated from a single peak, we also experimented with fitting both double-horned and double-Gaussian profiles. For each of these four profiles, we further experimented with fixing the continuum value to 0 Jy (which is physically motivated as we performed a linear baseline subtraction during the data reduction process, outlined in Section 4) and with leaving the continuum value as a free parameter. For the 10 h 33 m 00 s 30 m 00 s 27 m 00 s 24 m 00 s -34°30'00" -35°00'00" 30'00" -36°00'00" 30'00"
RA (J2000)
Dec (J2000) Antlia S/N > 3 Detections Antlia Non-detections Other WISE sources with 0.004 < z < 0.014 Figure 5 . Distribution of galaxies in the Antlia cluster that we followed up with APEX CO(2-1) observations. The background shows a smoothed ROSAT 0.5 − 2.4 keV X-ray image of the cluster. We use the symbol O to denote CO detections (S/N 3), and X to denote non-detections (S/N < 3). We also show in white all the sources with redshifts consistent with being associated with the cluster (0.004 < z < 0.014). The other WISE-detected cluster sources were not selected for follow-up because they did not have any significant star formation indicated by their 12 µm emission from the WISE data.
double-Gaussian profile, we tested fitting a single standard deviation (σ) to both peaks, and fitting individual σ values to each peak. Finally, we applied the fits to spectra smoothed to three different velocity resolutions (10 km s −1 , 15 km s −1 and 20 km s −1 ) in order to test whether the resolution of the spectra had a significant effect on the result of the fits. Firstly, we found that when fitting Gaussian and double-Gaussian profiles, both CLASS and LMFIT pro-duced very similar results, irrespective of the resolution of the spectra. However, the limited functionality of CLASS means that it is not currently possible to fit a Lorentzian profile to the data, and the double horned fit proved to be extremely sensitive to the initial guesses for the parameters. For these reasons, the final fits were performed using LMFIT. We found that, for the three sets of spectra with different velocity resolutions, the fits to the data were in good agreement within the uncertainties, Figure 6 . Offset between the CO(2-1)-derived redshifts and the optical redshift for galaxies with molecular gas detections. For most galaxies, the two are in excellent agreement. The few exceptions could be caused by stripping of the molecular gas or small uncertainties in the derivation of the optical and or CO redshift.
and we selected the spectra smoothed to a resolution of 20 km s −1 for the final fits. We also found that the fits produced by fixing the continuum value to 0 Jy and leaving it as a free parameter were in good agreement within the uncertainties. In the final fits, we therefore fixed the continuum value to 0 Jy.
Defining Detections
Of the 72 spectra in our sample, 11 showed evidence of CO(2-1) profiles inconsistent with a single peak. A double-Gaussian profile was fit to 10 of these sources, while a double-horned profile was fit to 1 source. A single Gaussian was fit to the remaining sources, including one source in which the Gaussian profile was significantly offset from the optical redshift. A distribution of the offsets between the optical and the CO redshifts is shown in Figure 6 .
To select our detections, we calculate the S/N ratio by dividing the velocity-integrated flux density by its error estimated from the fitting procedure, and impose a S/N > 3 cutoff. This differs somewhat from the detection criteria for the ALLSMOG survey. Cicone et al. (2017) similarly impose a threshold of S/N > 3 for their detections, but calculate the signal-to-noise ratio by dividing the peak flux of the emission line by the RMS noise of the spectra. This difference is necessary as, while Cicone et al. (2017) fit only single Gaussians to their emission lines, we fit various other functions which makes the definition of a peak flux difficult. We note that using the velocity-integrated flux density rather than the peak flux likely results in our S/N ratios being underestimated relative to those of the ALLSMOG survey.
We find CO(2-1) S/N > 3 detections in 27 of the 72 spectra. Our overall detection rate of ∼ 37.5% is lower than the ALLSMOG survey. This difference is primarily due to the stringent selection criteria for main-sequence galaxies imposed in Cicone et al. (2017) . Additionally, we impose a strict S/N cutoff for our detections, while Cicone et al. (2017) include a number of marginal detections for which the central velocity of the CO detection agrees with the expected central velocity measurement based on the source's Hi 21cm spectrum. We note that our detection rate for sources within 1 dex of the main sequence is 86%, much higher than the ∼ 47% achieved by the ALLSMOG survey.
Measuring CO Line Luminosity
For each of our detections, we take the best fit parameters from LMFIT and calculate the CO(2-1) line luminosity using the following equation:
where L CO(2-1) is defined as the CO(2-1) brightness temperature luminosity in units of K km s −1 pc 2 , D 2 L is the luminosity distance measured in Mpc, ν obs is the observed central frequency of the CO(2-1) emission line in GHz, z is the cluster redshift and S CO(2-1) dv is the velocity-integrated flux density measured in Jy km s −1 (Solomon et al. 1997 ). This velocity-integrated flux density is corrected for the possible loss of flux due to CO emission falling outside of the APEX beam. Cicone et al. (2017) find that this correction is typically very small, and so we simply divided the velocity-integrated flux density of each source by their median correction factor of 0.98. For our non-detections, we again followed Cicone et al. (2017) and estimated informative upper limits on the velocity-integrated flux density using the following equation:
where σ RMS is the RMS noise of the spectrum smoothed to a velocity resolution of δv and ∆v CO(2-1) is the expected CO(2-1) line width, which we defined as the average FWHM of our CO(2-1) detections (∆v CO(2-1) ∼ 170 km s −1 ). This upper limit on the velocity-integrated flux density was then applied to Equation 1 to estimate upper limits on the CO(2-1) luminosity. Typically, the luminosity of the CO(1-0) transition is used to estimate molecular gas mass. We therefore converted our CO(2-1) luminosities into CO(1-0) luminosities using the following relation: Figure 7 . Detection rate as function of projected clustercentric radius. On average the detection rate increases with distance from the cluster core. This is mostly driven by the fraction of ellipticals in our sample of targeted sources. However, the detection rate for sources visually classified as spirals and irregulars also slightly increases with cluster-centric distance.
where we assume a value of r 21 = 0.8 ± 0.2 based on observations of local star-forming spirals (Braine et al. 1993; Leroy et al. 2009 ) and z ∼ 1.5 − 2.0 star-forming disks (Aravena et al. 2010 (Aravena et al. , 2014 . In order to convert the CO(1-0) luminosities into estimates for the molecular gas mass, we use the equation:
where α CO is the CO-to-H 2 conversion factor. Determining the value of α CO is still an active area of research, and while a constant value of α CO is often applied based on observations of nearby galaxies, α CO is likely to be strongly dependent on the conditions of the local ISM, including pressure, gas dynamics and metallicity (Carilli & Walter 2013) . Theoretical models (e.g. Wolfire et al. 2010; Glover & Mac Low 2011) further predict that α CO is a strong function of dust extinction A V . In order to accurately estimate α CO for our sample, it is therefore necessary to carry out further observations that aim to characterise the spatial distribution of the molecular gas, as well as the metallicity and dust content of the local ISM. In order to better compare with the sample of field galaxies, we follow Cicone et al. (2017) and select a Milky-Way type CO-to-H 2 factor of α CO = 4.3 M (Bolatto et al. 2013), but note that we typically consider the CO(1-0) luminosity as a proxy for the molecular gas mass throughout this paper.
6. MOLECULAR GAS DETECTIONS IN THE ANTLIA CLUSTER As discussed, we followed up a total of 72 sources with APEX molecular gas observations. Figure 5 shows a spatial distribution of sources with redshifts confirmed to be within the 0.004 − 0.014 range, together with all the sources followed up as part of our optical selection.
Out of the 72 optically-selected sources, we obtain 27 detections, mostly clustered towards the high star formation and high stellar mass end (see discussion in Section 6.2). In this section, we present both the CO(2-1) detection rates and CO(1-0) luminosities of our sample as a function of cluster and galaxy properties.
Detection Rates as a Function of Radial Distance and Galaxy Type
By focusing on the optically selected sources, we investigated the detection rate as function of projected cluster-centric distance (Figure 7 ). On average, the detection rate increases with projected cluster-centric distance, from about 0.3 to 0.6. This is driven by the preferential location of galaxies with lower star formation within 500 kpc of the cluster core. These low-SFR galaxies have also been optically classified as elliptical based on their HST/VIMOS/DSS morphology. The detection fraction of spirals and irregulars drops at the very core within ∼ 200 kpc and rises a bit beyond the R 200 of the cluster, but otherwise is constant between 200−900 kpc. Out of the 27 detections, 25 are hosted in galaxies optically classified as spirals or irregulars, while only 2 are in galaxies classified as ellipticals.
We attempted to quantify the significance of this result. As a first test, we fitted a constant function to the four data points comprising the 200 − 900 kpc region where the detection fraction remains roughly constant using simple SciPy 11 packages, and calculated the distance (in σ) between the first data point and this line. We found that the first data point resides ∼ 1.1σ below this constant relation, and so is only marginally inconsistent with a flat relation between detection fraction and cluster-centric radius. As a slightly more robust test, we fitted both linear and constant models to all six data points using LMFIT, comparing the chi-squared statistic (χ 2 ) for each fit. For the constant model, the best fit value was 0.331 ± 0.036, while the linear model favoured a gradient of (2.03 ± 1.42) × 10 −4 kpc −1 . We determine χ 2 values of 1.25 and 1.93 for the linear and constant fits respectively, indicating that the data slightly favour an increasing detection fraction with increasing clustercentric radius. We also test fitting to different numbers of bins, finding that a positive linear correlation is always favoured over a constant fit. This result is further The detection fraction increases with both mass and SFR, though we note that the correlation between detection fraction and SFR is stronger than the correlation between detection fraction and stellar mass.
consistent with previous works which show that galaxies residing in the outskirts of massive clusters tend to be more blue and star-forming. For example, Strazzullo et al. (2019) find that, as early as z ∼ 1.5, the most massive clusters effectively suppress star formation in their central regions. Similarly, Annunziatella et al. (2014) find that, in the z = 0.44 cluster M1206, tidal disruption near the cluster core can convert star-forming galaxies into passive ones, and can even destroy galaxies entirely.
Detection Rates as a Function of Galaxy Properties
The distribution of detections as a function of source redshift is shown in Figure 2 . Given the low number statistics, we can only study the CO(2-1) detection rate in rather large redshift bins. The fraction of CO(2-1) detections remains reasonably constant throughout the cluster. We present the distribution of our detections as a function of stellar mass and SFR in Figure 8 . In the lower panel of these plots, the darker sections of the bars represent the number of detections in each bin, while the lighter regions represent the non-detections. The upper panels show the fraction of our CO(2-1) detections in each bin (i.e. the number of detections divided by the total number of observations in each bin) as a function of the galaxy parameter, with the associated Poisson error. From Figure 8 , we infer that there is a clear evolution in the CO(2-1) detection rate with both stellar mass and SFR. There are no CO(2-1) detections in our sources with stellar masses less than ∼ 10 9 M . At stellar masses above ∼ 10 10 M , our low detection rate is driven by the large fraction of passive, elliptical galaxies in our sample. The detection rate for purely star-forming galaxies, selected within 1 dex of the main sequence, is 86%. By contrast, for a similar sample of star-forming galaxies in the field, Cicone et al. (2017) find that their detections cluster towards more massive galaxies (> 10 9.5 M ). Similarly, the figure shows a smooth increase in the CO(2-1) detection fraction with increasing SFR. This increase is expected, as Figure 1 demonstrates that stellar mass and SFR are correlated in our sample, although the correlation between SFR and detection fraction is noticably stronger than the correlation between stellar mass and detection fraction. We infer that the majority of our detections are clustered towards the more massive and more star forming galaxies in our sample, while a significant fraction of our sample have quite low SFRs, as demonstrated in Figure 1 .
CO Luminosity as a Function of Galaxy Properties
In this section, we investigate the relationship between CO(1-0) line luminosity and galaxy properties (i.e. SFR and stellar mass). In order to highlight the effects that disturbed cluster environments have on the molecular gas content of their member galaxies, these results will be compared to those of Cicone et al. (2017) , who undertake a similar analysis on their sample of field galaxies.
It is important to note that a direct comparison between our results and those from the ALLSMOG survey is made difficult by the difference in selection criteria between the two studies. Cicone et al. (2017) select only those galaxies with stellar masses in the range 10 8.5 M < M < 10 10 M , while we require our galaxies to have stellar masses M > 10 8 M , and we impose no upper limit. Moreover, Cicone et al. (2017) The darker red squares represent the CO(1-0) luminosities for the S/N > 3 sources in the ALLSMOG survey of galaxies in the field, while the lighter red squares represent their non-detections. The dashed red line shows the best fit relation for the ALLSMOG survey, while the red dotted lines show the intrinsic scatter to their data (Cicone et al. 2017) . The right hand plots encode the location of the detections and upper-limits with respect to the main sequence. Main sequence cluster galaxies (selected within 0.3 dex or 0.7 dex of the main sequence) fall on the relation derived for their field counterparts. Galaxies with lower SFRs, located below the main sequence, fall to the right of the relation, i.e. they have less molecular gas compared to a galaxy of similar mass with higher SFR located on the main sequence. This illustrates the three dimensional relationship between molecular gas, SFR and stellar mass.
only those galaxies defined as star forming based on their position on the log([Oiii]/Hβ) vs. log([Nii]/Hα) diagram, while our cut of SFR> 0.0005 M yr −1 is based on 12µm emission from the WISE W3 band. Effectively, Cicone et al. (2017) select star-forming galaxies within ∼ 1 dex of the main sequence, while our selection is broader and it includes galaxies on and below the main sequence. Cicone et al. (2017) make a further cut based on metallicity, while we currently have no metallicity measurements for our sample of galaxies. We also note that Cicone et al. (2017) impose a slightly different signal-to-noise definition, as discussed in Section 5.3.
In Figure 9 , we present the relation between CO(1-0) luminosity and stellar mass. Cicone et al. (2017) report strong L CO(1−0) − M and L CO(1−0) −SFR relations for main-sequence galaxies in the field. Considering all of our detections, we could infer that there is no convincing trend between CO(1-0) luminosity and stellar mass or between CO(1-0) luminosity and SFR for galaxies in the Antlia cluster. The relations from Cicone et al. (2017) thus seem to hold only for star-forming galaxies, and break down when extrapolated below the main sequence. This further suggests that the molecular gas reservoirs depend on both SFR and stellar mass and that galaxies are actually located on a stellar mass-SFR-molecular gas plane.
Close inspection of the upper-right plot in Figure 9 unveils a trend between the position of our sources in the individual L CO(1-0) vs. M and L CO(1-0) vs. SFR plots, and their location relative to the main sequence in the M −SFR plane. The closer to the main sequence an Antlia cluster galaxy is, the closer it moves to the field relation derived in Cicone et al. (2017) . Thus, galaxies located within 0.7 dex above or below the main sequence are well within the scatter of the relationship between stellar mass and CO(1-0) luminosity. We find that, for galaxies in our sample located below the main sequence, the majority lie below the scatter of the trend inferred for field galaxies (Cicone et al. 2017) . This is particularly true for higher mass sources (∼ 10 10.5 M ), which are all passive ellipticals with SFRs ∼ 100 times lower than in main sequence galaxies. The five detections in more massive ( 10 10.5 M ) sources show comparable CO(1-0) luminosities to their lower mass counterparts, and hence lie further below the relation of Cicone et al. (2017) . Cicone et al. (2017) further discuss that their sample selection likely misses galaxies residing below the main sequence which, in turn, are expected to lie below the L CO(1−0) − M trend. We can therefore conclude that it is likely that the CO(1-0) luminosities of the majority of our galaxies are consistent with those of field galaxies lying just below the main-sequence.
Interestingly, the lower panels of Figure 9 demonstrate a strong L CO(1−0) −SFR trend not only for mainsequence galaxies, but for all Antlia cluster galaxies. This is similar to the results of Cicone et al. (2017) , who discuss that the tight linear relation between SFR and CO(1-0) luminosity is expected and likely the result of the well documented empirical relation between the surface density of cold molecular gas and SFR (the Schmidt-Kennicut law; Schmidt 1959; Kennicutt 1998) . We further find that the vast majority of our detections with SFRs in the range probed by the ALLSMOG survey lie within or very close to the intrinsic scatter of the L CO(1−0) −SFR relation inferred by Cicone et al. (2017) . We conclude that, for a given SFR, galaxies in the Antlia cluster have comparable CO(1-0) luminosities to their counterparts in the field, irrespective of the mass of the galaxy. We identify one Antlia galaxy in the lower panels of Figure 9 that is clearly distinct from the rest of the population, with a SFR roughly an order of magnitude larger than the next most star-forming source. This source (J103152) has a stellar mass placing it towards the lower end of the stellar mass distribution of our sample (M = 10 9.6±0.05 M ), and shows some of the strongest evidence for disturbance of any of the Figure 10 . Distribution of molecular gas within the stellar mass SFR plane. We show the detections in the larger symbols and the non-detection upper limits in the smaller symbol. Both our survey for galaxies within the Antlia cluster and the survey of field star forming galaxies (ALLSMOG) are shown. Note than our data is deeper than ALLSMOG, thus our upper limits are more stringent. We find that cluster galaxies have a similar amount of CO(1-0) as field galaxies with a similar stellar mass and star formation rate.
Antlia cluster galaxies. This source is discussed further in Section 7.4. To facilitate a comparison between the molecular gas content of galaxies in the field and galaxies in a disturbed cluster environment, it is more appropriate to select galaxies in the two surveys with both similar stellar masses and SFRs, and compare the CO(1-0) luminosities of the two. To this end, we present in Figure 10 the distribution of our sources in the M − SFR − L CO(1−0) plane alongside the sources in the ALLSMOG survey, with the color of the points indicating the CO(1-0) luminosity. We find that, while a significant fraction of our galaxies occupy a distinct parameter space in the M −SFR plane, sources in the Antlia cluster and in the field with similar stellar masses and SFRs also have comparable CO(1-0) luminosities, and hence comparable reservoirs of molecular gas. The molecular gas reservoirs are proportional to both the SFR and the stellar mass, but do not significantly depend on environment. Thus, the figure reveals that galaxies in both field and cluster environments lie on a single stellar mass-SFRmolecular gas plane. This non-trivial three dimensional relation is illustrated in the projections shown previously in Figure 9 . The implications will be discussed further in Section 7.2.
Non-Gaussian Molecular Gas Profiles as a Function of Radial Distance
In this section, we focus on the galaxies in our sample that show evidence of disturbed molecular gas reservoirs, inferred from their non-Gaussian CO(2-1) emission line profiles. In Figure 11 , we plot the number of non-Gaussian CO(2-1) detections as a function of projected cluster-centric distance in order to determine where preferentially in the cluster these galaxies with disturbed molecular gas reservoirs reside. We infer that there is a possible evolution in the number of sources with non-Gaussian CO(2-1) profiles with projected clustercentric distance. While the number of detections peaks at ∼ 400 kpc and decreases smoothly out to ∼ 1000 kpc, the number of our sources with non-Gaussian CO(2-1) emission profiles peaks a little further out at ∼ 600 kpc, with just two sources displaying non-Gaussian CO(2-1) profiles out of a total of 9 detected sources at a distance of ∼ 400 kpc. Outside of 600 kpc we find that two sources out of a total of six detected sources have CO(2-1) emission profiles that are non-Gaussian. We discuss the physical interpretation of these results in Section 7.4.
DISCUSSION
Molecular and Atomic Gas in Relaxed Clusters
It has long been established that cluster environments can have a strong effect on the atomic gas properties of cluster galaxies. For example, cluster spirals, at fixed mass, are significantly (up to a factor of 10 times) deficient in Hi gas when compared to samples of similarlyselected field spirals. The magnitude of the effect depends on the X-ray properties of the cluster, indicating a more pronounced effect for more massive, luminous, relaxed clusters (e.g. Giovanelli & Haynes 1983 Chung et al. 2010 ). SFR measured from tracers of recent, massive, newly born stars does not correlate with Hi: the SFR does not seem to be directly suppressed in galaxies that have lost their Hi gas, indicating that the gas phase that directly feeds SF, the molecular gas, is not as heavily affected by the harsh cluster environment as the neutral atomic gas (e.g. Kennicutt et al. 1984) . The stronger depletion of Hi gas has been attributed to a broader distribution of atomic gas that is more easily stripped by the intra-cluster medium ram pressure.
What drives the strong morphological transformation from the field population dominated by star-forming galaxies to the predominantly passive elliptical samples in relaxed clusters? The gas surface density correlates with the SFR (i.e. the Kennicutt-Schmidt law) and this is interpreted as evidence for a direct link between SFR and molecular gas, i.e. molecular gas is converted to form new stars. One would naively expect that if cluster galaxies are on average less star forming, this is directly related to lower molecular reservoirs, caused by tidal interactions with other galaxies, stripping or simply a shut-down of fresh gas accretion.
While the properties of Hi in cluster galaxies have been established, the molecular gas properties, and particularly, how the reservoirs of molecular gas are affected by the cluster environment is still debated. Early work (e.g. Kenney & Young 1989; Boselli et al. 1995a Boselli et al. , 1997 indicated that galaxies in the Virgo and Coma cluster display minimal evidence for molecular gas deficiency, even in cases of severe Hi deficiency. The authors initially concluded that even in massive relaxed clusters, the ram pressure is not significant enough to disturb the molecular gas reservoirs of the cluster members. The molecular gas is thought to be concentrated towards the core where the gravitational potential of the galaxy dominates, and this can effectively shield the molecular gas from the effects of the larger scale cluster environment. More recently, a number of studies using larger samples and resolved observations have found that Hideficient spirals of a given stellar mass residing in clusters have reduced molecular gas reservoirs compared to the field (e.g Bertram et al. 2006; Fumagalli et al. 2009; Jablonka et al. 2013; Boselli et al. 2014; Mok et al. 2016; Zabel et al. 2019; Lee et al. 2017 ). In particular, Boselli et al. (2014) conclude that, while the molecular gas supply is cut off and the gas is consumed through SF, the main cause for the deficiency is actually removal of gas through ram pressure. However, the molecular gas is not depleted as efficiently as the atomic gas (Boselli et al. 2014) .
The Molecular Gas Content of Galaxies within Disturbed Clusters
Therefore, the molecular gas reservoirs in star forming galaxies within massive, relaxed clusters are reduced compared to their counterparts in the field. If clusters evolve from lower density environments rich in galaxies with significant gas reservoirs to massive, gas-poor clusters, should we then expect a lower (or no) molecular gas deficiency in galaxies located in disturbed clusters that are in the process of formation?
In order to evaluate the molecular gas content of galaxies in disturbed cluster environments, we compare in Figure 9 the CO(1-0) luminosities of our sample as a function of stellar mass and SFR with the ALLSMOG survey of galaxies in the field (Cicone et al. 2017 ). While we find a strong L CO(1−0) −SFR relation that agrees well with galaxies in the field, we infer from our L CO(1−0) − M that we are primarily probing galaxies that lie just below the main sequence (this is also ev- Figure 11 . The number of our sources with non-Gaussian CO(2-1) profiles (dark blue), and the number of all of our detections (light blue), as a function of projected clustercentric radius. Bearing in mind the large error bars, the number of sources with non-Gaussian CO(2-1) profiles seems to peak at ∼ 600 kpc while the total number of detections seems to peak closer to the core of the cluster (∼ 400 kpc).
ident from Figure 1) , which means that a direct comparison with the ALLSMOG survey is difficult. In order to get a clearer picture of how our sample of galaxies in a disturbed cluster environment compare to those in the field, we presented in Figure 10 a comparison between our sample and that of Cicone et al. (2017) in the M − SF R − L CO(1−0) plane, finding that galaxies of fixed stellar mass and SFR have comparable molecular gas reservoirs, regardless of whether they reside in the field or in the Antlia cluster. We can also make a comparison to samples selected in massive relaxed clusters such as Coma or Virgo (e.g. Boselli et al. 1995b Boselli et al. , 1997 . For Coma, Boselli et al. (1997) argue that the molecular gas content correlates with SF activity only for high-mass, Milky Way-like (∼ 10 10.8 M ) cluster galaxies. Such a relationship is absent for low-mass, lower-metallicity galaxies (e.g. Boselli 1994 ), in which the radiation produced by young stars can photo-dissociate the diffuse molecular gas and thus break the expected relationship between CO luminosity and SF, leading to higher α CO conversion factors. Unlike the results for relaxed clusters, we find that the molecular gas content for Antlia cluster galaxies residing on and below the main sequence strongly correlates with SFR over the entire range of masses probed by our APEX survey, which spans ∼ 10 8.5 − 10 11.5 M (Figure 9 ). Boselli et al. (1995b) suggest that at lower masses, the amount of molecular gas in cluster galaxies might be underestimated when using α CO conversion factors derived for more massive galaxies. This would imply that our lowermass Antlia cluster galaxies would have larger molecular gas reservoirs than field galaxies, pointing to even higher star formation efficiency than in the field.
From these results we infer that the Antlia cluster represents an intermediate environment between fields and dense clusters, in which the evolving intracluster medium (ICM) may just be starting to affect the member galaxies. We postulate that the ICM in a disturbed cluster environment is not yet dense enough to efficiently strip the molecular gas from the member galaxies as is the case in dense cluster environments, and that this allows the galaxies in the Antlia cluster to retain their reservoirs of molecular gas. However, the process of cluster merging likely disturbs the ICM enough to interact with the member galaxies, inducing the observed high SFRs and possibly beginning to quench the member galaxies. This scenario can explain the high SFRs observed in a number of disturbed cluster environments, as well as the significant molecular gas reservoirs that we have observed in the Antlia cluster. Given that the Antlia cluster represents this intermediate stage in cluster formation, we may consider it is as a useful nearby laboratory to study the processes that likely occur in young clusters residing at higher redshift. For example, Tadaki et al. (2019) present ALMA CO(3-2) observations of 66 Hα-selected galaxies in three protoclusters at z ∼ 2.5. They find that galaxies in their sample with stellar masses M < 10 11 M have enhanced molecular gas reservoirs compared to the scaling relations established for field galaxies, while their more massive galaxies (M > 10 11 M ) have comparable molecular gas reservoirs to galaxies residing in the field. This result suggests that, similarly to our sample of galaxies in the local Antlia cluster, the member galaxies of young clusters in the process of forming at high redshift can also retain their reservoirs of molecular gas.
Resolved studies of galaxies infalling into massive relaxed clusters (e.g. Lee et al. 2017; Jáchym et al. 2014; Moretti et al. 2018) found that molecular CO gas can be slightly stripped along the infall direction, as well as enhanced within sites of intense SF, as traced by Hα and far ultraviolet emission. The CO can therefore be modestly enhanced along tails behind and upstream of these galaxies, which may then, in turn, modify the local SF efficiency in the disk (Lee et al. 2017) . This is in line with simulations which predict that, even in massive clusters, the ram pressure is not enough to strip the molecular gas within the member galaxies, but interactions between these member galaxies and the ICM can disturb and compress the molecular gas which can, in turn, trigger star formation (e.g. Tonnesen & Bryan 2009 Roediger et al. 2014) .
In disturbed, lower mass clusters, the ram pressure most likely is not enough to completely remove the molecular gas from infalling galaxies. However, infalling galaxies might experience disturbances in their molecular gas reservoirs caused by interactions with the ICM, which can lead to temporary enhancements in the star formation efficiency. We are capturing Antlia in an active phase of formation, when multiple smaller subclusters are undergoing a series of mergers. Therefore, a cluster like Antlia, which is still in the process of formation, might retain a significant number of gas-rich galaxies. Gas-rich galaxies that have already fallen into the cluster prior to the merger between the sub-clusters may be undergoing interactions with the large scale phenomena caused by the cluster formation. Processes such as shocks and turbulence can also temporarily enhance the conversion of atomic into molecular gas which, in turn, will temporarily enhance the star formation activity (Roediger et al. 2014) .
We therefore expect that the galaxies in disturbed cluster environments are either recently quenched, or in the process of becoming quenched. This expectation is supported by Figure 1 , where we see that the majority of our sources lie just below, or well below the main sequence, possibly representing populations of galaxies that are in the process of quenching, and are fully quenched.
Molecular Gas Fuelling Future Star Formation
In samples of star forming galaxies residing in the field, as well as in massive, relaxed clusters like Virgo, the depletion time scale of molecular gas correlates with both SFR and stellar mass, but most strongly depends on the specific SFR (Saintonge et al. 2011b; Mok et al. 2016 ). Saintonge et al. (2011b) interpret this evolution as evidence for different processes dominating at different stellar masses: morphological (mass) quenching dominates at high masses, while mild starbursts can enhance star formation in lower mass galaxies.
While our sample of cluster galaxies probes a wider range of masses and SFRs compared to Saintonge et al. (2011b) , the Antlia main-sequence galaxies fall close to the field relation, well within the scatter of the field star forming galaxies. This indicates that galaxies within the Antlia cluster have similar star formation efficiencies to field galaxies. Galaxies in the Antlia cluster have large molecular gas reservoirs and so, if we consider in the simplest case that gas is depleted only via consumption and conversion into stars, these galaxies will be able to sustain star formation for timescales similar to galaxies residing in the field. This expectation is reflected in Figure 12 , which demonstrates that galaxies in the Antlia cluster with similar sSFRs to those residing in the field also have similar depletion timescales. Moreover, 12 shows that galaxies that lie below the main sequence (i.e. lower sSFRs) have lower depletion timescales than starforming galaxies of similar masses. The reason for these low depletion timescales is related to Figure 10 , where we demonstrate that galaxies lying below the main sequence have reduced reservoirs of molecular gas. We conclude that these galaxies are already well on their way to quenching: not only are their SFRs reduced with respect to the main sequence, but also their molecular gas reservoirs are significantly reduced, indicating that star formation in these galaxies will be shut down in 100 Myr to 1 Gyr. Figure 1 demonstrates that our sample breaks up into two essentially distinct populations. Just over a third of our sample of 72 galaxies lie slightly below the mainsequence, and follow the trend of the field galaxies residing on the main sequence reasonably well. The vast majority of the remaining galaxies lie well below the main-sequence, and represent a population of galaxies with little ongoing star formation compared to their similar mass counterparts in the field. We therefore believe that, while Cicone et al. (2017) uniformly select star forming field galaxies residing on the main-sequence, the galaxies we find in the Antlia cluster are either on their way to becoming quenched, placing them just below the main-sequence, or have already become quenched, placing them far below it.
Quenching in the Antlia Cluster
In order to investigate this further, we study the morphology of our galaxies (see Appendix A) to evaluate whether there is any evidence of ongoing quenching. Different methods of quenching can affect the morphology of a galaxy in different ways; hydrodynamical stripping processes could produce a visible tail of material behind the quenching galaxy or a structure reminiscent of a shock on one side, while processes such as harassment can make the galaxy look irregular in morphology. We can also compare these images to the shape of the CO(2-1) emission line in their spectra, allowing us to evaluate whether there is any unusual gas kinematics within them. We also presented in Figure 11 the number of our sources which have non-Gaussian CO(2-1) emission profiles as a function of projected cluster-centric distance. Non-Gaussian or asymmetric CO(2-1) emission line profiles are generally produced by unusual gas kinematics within the galaxy (e.g. fast rotating galaxies, hydrodynamical stripping etc.) that could be a result of the galaxy undergoing environmental quenching within the cluster. Figure 11 may therefore allow us to deter- Depletion time scale for molecular gas as function of specific SFR, assuming αCO = 4.3 M /(K km s −1 pc 2 ). We show our cluster galaxies, probing the entire M −SFR plane, down to a limiting M and SFR, as well as main-sequence field galaxies from the ALLSMOG survey (Cicone et al. 2017 ). Both the Antlia cluster and the ALLSMOG field star-forming galaxies follow the relationship derived for star-forming, Hi-rich field galaxies at z ∼ 0 − 2 (Saintonge et al. 2011b ). Cluster and field galaxies at z ∼ 0.01 of similar mass, SFR, and consequently specific SFR, have similar depletion timescales, pointing to similar molecular gas reservoirs. Extrapolating the relation to lower values of sSFR, we see a significant spread in the depletion timescales for Antlia galaxies of a given sSFR, primarily driven by our non-detections and sources residing below the main sequence. Cluster galaxies located below the main sequence have on average lower molecular gas reservoirs and shorter depletion times compared to star-forming galaxies of similar masses. This indicates these lower-SFR cluster galaxies have already used up most of their molecular gas and their star formation will be shut down in 100 Myr to 1 Gyr. mine whether the galaxies that display morphologies or CO(2-1) line profiles reminiscent of quenching galaxies are preferentially located somewhere within the cluster.
From the optical images, there is tentative evidence that a number of our galaxies with non-Gaussian CO(2-1) emission profiles are undergoing quenching. Eleven of our optically selected galaxies are classified as irregular in shape, which could be as a result of galaxy harassment or hydrodynamical stripping. A number of our sources also show asymmetric morphologies and/or features that may imply that they are undergoing some form of stripping. Of our 11 sources that display non-Gaussian CO(2-1) emission line profiles, 5 show some evidence of disturbance in their optical morphology. For the remaining 61 sources (either non-detections or detections that show Gaussian CO(2-1) emission line pro-files), a further 8 show evidence of disturbance in their optical morphology. Most notably, J103152 shows evidence of a large shock front on one side of its disc, as does, to a lesser extent, the source J103124. The source J103152 also has a strong double-Gaussian profile, and is the most star-forming galaxy in our sample (see Section 6.3), providing tentative evidence that interactions with the ICM can produce disturbed gas kinematics and enhanced SFRs in our sample. J103019 and J102722 are asymmetric, possibly due to material being dragged out of the galaxies via ram pressure stripping. These sources also show unusual profiles in their CO(2-1) emission lines, with the Gaussian profile of J102722 offset by ∼ 1000 km s −1 and the CO(2-1) emission line of J103019 being best fit by a double-Gaussian. These galaxies have a range of SFRs and so, if they are becoming quenched, they are likely at different stages in this quenching process. Figure 11 demonstrates that 5 out of our 11 sources with non-Gaussian CO(2-1) emission line profiles reside at ∼ 600 kpc from the cluster core, with a further 4 sources with non-Gaussian CO(2-1) profiles residing closer to the cluster core. Although we only have a small number of sources with non-Gaussian CO(2-1) profiles, they tend to reside somewhere between ∼ 200 and ∼ 600 kpc from the cluster core, where the evolving ICM is likely to be dense enough to begin acting on the member galaxies. Clearly, it is worth noting the small number statistics and the large error bars, but if the sources in our sample with non-Gaussian CO(2-1) profiles do represent a population of galaxies that are undergoing quenching, then this quenching appears to occur primarily between 400 and 800 kpc from the cluster core.
In order to test whether ram pressure could feasibly cause stripping in our sample, we estimate upper limits on the ram pressure in the Antlia cluster. Generally, the ram pressure acting on a galaxy traversing through a cluster can be approximated as P r ≈ ρv 2 where ρ is the mass density of the intra-cluster medium (ICM) and v is the velocity of the galaxy relative to the ICM (Gunn & Gott 1972) . We estimate the density of the ICM using the electron number density profile determined by Wong et al. (2016) for the Antlia cluster, converting the number density at a given projected cluster-centric radius into a mass density. We estimate an upper limit on the velocity by assuming that the galaxies are on highly elliptical orbits, in which case their velocities are given by the cluster's escape velocity at the given cluster-centric radius (v = 2GM/r) where we use the Antlia cluster virial mass M ∼ 5 × 10 14 M . Using this albeit simplistic approximation, we estimate that the ram pressure in the Antlia cluster can reach ∼ 10 −12 ergs cm −3 within the central ∼ 150 kpc of the Antlia cluster, falling exponentially to ∼ 10 −15 ergs cm −3 at ∼ 1000 kpc from the centre. Simulations by Abadi et al. (1999) estimate that a typical spiral galaxy moving through an ICM of similar density to that of the Coma cluster can feel a ram pressure force of ∼ 10 10 M (km s −1 ) kpc −3 (corresponding to a ram pressure of ∼ 7 × 10 −12 ergs cm −3 ), resulting in the stripping of ∼ 80% of its diffuse gas mass. It is therefore likely that ram pressure will be strong enough, particularly in the central regions of the Antlia cluster, to strip a significant fraction of the molecular gas from the member galaxies, although it is worth noting that this is a somewhat crude estimate of the ram pressure in the Antlia cluster.
In order to confirm whether the galaxies are undergoing triggered star formation or whether they are on their way to being quenched, we require high-resolution ALMA imaging of our galaxies, which would allow us to determine with great precision the distribution and kinematics of the molecular gas in our sample. This, in turn, would allow us to determine more accurately whether there is ongoing quenching in our galaxies and, if so, which processes are likely responsible.
CONCLUSIONS
We present the first molecular gas measurements in a complete sample of cluster galaxies. Using the APEX telescope, we carry out CO(2-1) observations of 72 sources in the nearby, disturbed Antlia galaxy cluster. Our survey is unique in its selection of a wide array of galaxy types including both star forming and quenched galaxies selected down to a limiting stellar mass and SFR, as well as its choice of target: a disturbed cluster still in the process of formation. The aim of our survey is to investigate how the molecular gas reservoirs and star formation evolution of galaxies in a merging cluster environment is different from the well-established effect of a relaxed, massive environment.
The 72 galaxies targeted as part of our APEX campaign cover a wide range of stellar mass (10 8 M M 10 10 M ) and SFRs (0.0005 M yr −1 < SFR < 0.3 M yr −1 ), and so populate a large fraction of the M −SFR plane. This sample was complemented by a further 20 sources selected with a detection in Hi, but we infer from these sources that the position of the Hi detections are highly offset from the CO(2-1) detections, which are co-spatial with the stellar light, and so do not consider these sources in the analysis.
We report a final CO(2-1) detection rate of ∼ 37.5% (27/72), with a detection rate for purely star-forming galaxies within 1 dex of the main-sequence of 86%. We compare the molecular gas properties of the galaxies in our sample to those of a similar sample of field galaxies from the APEX Low-redshift Legacy Survey for Molecular Gas (ALLSMOG, Cicone et al. 2017) . Our conclusions can be summarised as follows:
• While Cicone et al. (2017) quite uniformly probe the main sequence for their sample of field galaxies, our sample splits into two distinct populations, one residing just below the main sequence and one residing far below it, possibly corresponding to galaxies that are in the process of quenching and galaxies that are already quenched.
• We find that our detection rate increases with cluster centric distance, driven primarily by quiescent elliptical galaxies within 500 kpc of the cluster core. We further find that our detections cluster towards the higher stellar mass and higher SFR end of our sample, with no observable relation between the CO(2-1) detection rate and redshift.
• A number of our galaxies show CO(2-1) line profiles that are non-Gaussian or significantly offset from the expected central position of the CO(2-1) line, reflecting a population with significantly disturbed molecular gas reservoirs. Optical imaging provides tentative evidence that a number of these galaxies are undergoing quenching.
• The member galaxies of the Antlia cluster have comparable reservoirs of molecular gas to their counterparts in the field with similar stellar masses and SFRs, contrary to what is seen in virialised clusters. This implies that the member galaxies in disturbed cluster environments are able to hold on to their reservoirs of molecular gas which, in turn, can fuel high SFRs.
We therefore conclude that the Antlia cluster may represent the intermediate step between fields containing many star-forming galaxies, and dense clusters in which the majority of their members have been quenched. The gentler ICM of disturbed cluster environments may allow their member galaxies to retain their reservoirs of molecular gas, which can in turn fuel high star formation rates. In this scenario, the evolving ICM may just be beginning to interact with the member galaxies, and hence we expect a number of galaxies in our sample to be undergoing quenching. Further research must be completed in order to confirm that the members of the Antlia cluster are indeed undergoing quenching and to determine the processes that are contributing to this quenching process. While we have proven that galaxies residing in disturbed cluster environments are capable of holding on to their reservoirs of molecular gas, spatially resolved observations of these molecular gas reservoirs with ALMA are required to securely quantify the relationship between the disturbed cluster environment and its member galaxies. On the other hand, a new facility such as the Atacama Large Aperture Submillimeter Telescope (AtLAST; see e.g. Bertoldi 2018; Cicone et al. 2019 ) with a large (> 1 • ) field of view capable of surveying the entire cluster field in reasonable integration times at a resolution sufficient to resolve the member galaxies (≈ 5. 4 at 230 GHz) would present a transformative leap for studies such as that presented here.
APPENDIX
A. SPECTRA AND OPTICAL IMAGES In Figure 13 we show the molecular gas CO(2-1) spectra from APEX, binned to 20 km s −1 resolution. We indicate the strength of any detection, using the S/N definition from Section 5.2. We also show the fit that was used to derive CO properties, which on a case-by-case basis, was a Gaussian, double-Gaussian or a double-horn. In the left panel all sources are shown on the same scale for ease of comparison, while in the middle panel we show the spectra scaled to the peak of the CO(2-1) emission. For each source we also show an RGB image using DSS data. We summarise the properties of the host galaxies in Table 1 and the CO(2-1) molecular gas measurements in Table 2 . Here we discuss the molecular gas observations on a sample of Hi selected sources in the Antlia cluster. We discuss how the large beam of the Hi observations resulted in pointing errors in the APEX CO(2-1) observations. Hence no scientific conclusions can be drawn based on these observations.
B.1. Neutral-gas selection
Given the blind detection technique of the KAT-7 observations, the Hi sample from Hess et al. (2015) is an ideal complement to the our stellar-mass-SFR selection. The only selection criterion for this sample was a detection in Hi with a total integrated mass of M HI > 10 8.2 M . The Hi sample, consisting of 20 galaxies, is thus selected for its high neutral gas content alone. There are 5 sources in the Hi sample that have relatively close optical counterparts that were also followed up as part of the stellar-mass-SFR selected sample. Despite being effectively observed twice with sub-mm observations, the pointing was slightly different for the two samples (see Section 4.1).
It is important to note that the sources with (albeit distant, see Section 2.4) optical counterparts, are on average of lower stellar mass than the stellar-mass sample. The average stellar mass of Hi rich sources is ∼ 10 8.8 M , reaching down to ∼ 10 7.2 M . The Hi selection results in a biased redshift distribution that is more broad and systematically offset from the cluster redshift.
B.2. Observations
A similar APEX observing strategy as used for the optical sample was also followed for the Hi selection. An additional 20 Hi-selected sources were targeted. Unlike the optical selection, the Hi position was used for those selected through neutral gas (note the caveats through as mentioned in Section 2.4). Note that 5 sources were observed twice, but with different pointing coordinates as the Hi and the optical position slightly differed (see also Figures 13 and 14) . The tuning frequency was set using the redshift of the Hi line detection.
The Hi selected sources were observed between 26-30 Jun 2018, for a total of ∼ 21 h, of which ∼ 15 h were spent on science targets. The observing conditions were similar to those attained during the observations of the opticallyselected sources (see Figure 3 ) and thus we obtain similar RMS values (as per Figure 4 ). The CO(2-1) spectra for the Hi sample can be found in Figure 14 .
We note that out of the 20 Hi selected sources, 5 sources were effectively observed twice, by pointing at the optical host galaxy and the Hi detection (see Figures 13 and 14) .
All 5 sources that were observed based on the optical selection as well as the Hi follow up are classed as detections in both sets of spectra. Two sources selected in the Hi follow up that do not have close optical partners (Antlia8 and Antlia23) are classed as detections based on a lower threshold of S/N > 2.5 (which may be physically motivated, as we discussed in Section 5.2 that we likely underestimate our signal-to-noise ratio relative to Cicone et al. 2017 ), although they do not appear to be convincing detections.
B.3. Caveats
Here we argue that unfortunately no reliable conclusions can be drawn from the APEX observations of the Hi. Out of the 20 Hi selected sources, we obtain 5 detections on sources that have close massive optical counterparts (within 60 ). We thus detect 5 sources twice in our survey, as followed up through the Hi and the optical selection, respectively. We were not able to get any convincing detections on Hi selected sources with optical counterparts further than 30 . The CO luminosity measured from the Hi pointing is always lower than the measurement from the optical pointing and drops with distance to the optical host. The fraction of CO recovered in the Hi pointing drops from 0.65 when the Hi pointing is offset by 15 to a mere 0.1 when the pointing is offset by ∼ 30 . This is not surprising, given that the size of the APEX beam is 30 . We can conclude that the molecular gas is highly co-spatial with the stellar light.
It is difficult to ascertain what drives the highly offset Hi detections. If ram pressure is more efficient at removing Hi than molecular gas, we would expect to see a larger offset between the optical host and the Hi detection compared to the CO detection. We would also expect a higher molecular gas detection rate with larger stellar and/or Hi mass. We thus studied the CO(2-1) detection rate as a function of Hi mass. We find that there is no obvious dependence of the CO(2-1) detection rate on Hi mass, although this may be in some part due to the limited number of galaxies for which we have measurements of the Hi mass, as well as the caveats discussed in Section 2.4. This demonstrates that, for our sample, galaxies with larger Hi masses are not necessarily more likely to be detected in CO(2-1). We conclude that the spatial offset between the stellar light and the Hi detection is driving the detections.
Therefore, we conclude that the lack of CO detection in most Hi selected sources is driven by the large pointing errors. The pointing errors in the APEX measurements were caused by the large uncertainly in the Hi observations. KAT-7, with which the Hi data was taken, has a beam of ∼ 3 , resulting in a position accuracy of worse than 1 . Given that the resolution of APEX is 30 , an average positional error of 1 can fully explain the flux loss and non-detection of molecular gas. Hence, no reliable interpretation of the molecular gas measurements for our sample of Hi selected galaxies can be made. Table 3 . List of Hi-selected sources, with coordinates of the Hi detection, Hi velocity and redshift and Hi mass. We also list the SFR and stellar mass of most nearby optical counterparts, which in some case is more than 30 arcsec away. We attribute these mismatches to the large size of the Hi beam (3 arcmin Table 5 . List of Hi selected sources with optical counterparts within ∼ 30 . Note that the CO luminosity is always lower when pointing at the HI coordinates, rather than the optical position. The fraction of recovered CO flux is inversely proportional to the distance between the HI and the optical position, suggesting that the large HI beam causes large pointing errors.
Source HI name RA DEC L CO(1−0) L CO(1−0) (HI pointing) Separation J2000 J2000 10 6 K km s −1 pc 2 10 6 K km s −1 pc 2 J102622 Antlia4 10 26 
